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One-pot synthesisAbstract Three components one-pot Mannich reaction of aromatic ketone, aromatic aldehyde and
aromatic amines has been efﬁciently catalyzed by recyclable bismuth nitrate (Bi(NO3)3, BN) at
ambient temperature to give various b-amino carbonyl compounds in high yields. This method
has advantages of mild condition, no environmental pollution, and simple work-up procedures.
Most importantly, b-amino carbonyl compounds with ortho-substituted aromatic amines are
obtained in acceptable to moderate yields by this methodology.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Multi component reactions (Domling andUgi, 2000; Ugi, 2001,
2003; Zhu, 2003; Domling, 2006) allow the creation of several
bonds in a single operation and are attracting increasing atten-
tion as one of the most powerful emerging synthetic tools for
the creation of molecular diversity and complexity (Burke
and Schreiber, 2004). They also have considerable advantages
in terms of environmental friendliness.
The Mannich reaction is one of the most important
carbon–carbon bond forming reactions in organic synthesis
for the preparation of secondary and tertiary amine derivatives
(Cordova, 2004; Kobayashi and Ishitani, 1999; Idhayadhullaet al., 2011; Malhotra et al., 2010; Prakash and Raja, 2013).
These reactions provide synthetically and biologically impor-
tant b-amino carbonyl compounds, which are important inter-
mediates for the construction of various nitrogen-containing
natural products and pharmaceuticals (Mu¨ller et al., 1999;
Arend et al., 1998). As it is evident the reaction involves two
equilibrating components (imine formation and enol tautomer-
ization) and therefore demands drastic reaction conditions.
Consequently, it is plagued with some serious disadvantages
namely complex work-up and puriﬁcation procedures and
unwanted side products (Kobayashi et al., 2002a,b; Chang
et al., 2006; Allemann et al., 2004).
To overcome the drawbacks of the classic method, in the last
few years the Lewis acid-catalyzed the condensation of silyl enol
ethers or silyl ketene acetals to pre-formed imines has been
made with the versions of Mannich-type reactions leading to
various N-substituted b-amino carbonyl compounds (Ollevier
andNadeau, 2004; Chung et al., 2005; Komoto andKobayashi,
2004; Jacobsen et al., 2004; Periasamy et al., 2005; Kobayashi
et al., 2002a,b). However, this Lewis acid-catalyzed three com-
ponent reaction of aldehydes, amines and silyl enolates in the
same vessel has to be carried out under strict anhydrous condi-
380 S.S. Mansoor et al.tions because many of the imines are unstable in water. In addi-
tion, the majority of Lewis acids cannot be used in this one-pot
reaction because of the presence of free amines and water pro-
duced in imine formation. Therefore, from economical and
environmental points of view, the preferred route is to use a
one-pot three-component strategy that gives a wide range of
structural variations. Recently, a few reported Mannich reac-
tions of aromatic ketones, aromatic aldehydes and aromatic
amines have been catalyzed by sulfamic acid (NH2SO3H) (Zeng
et al., 2009), NbCl5 (Wang et al., 2007), ionic liquid (Li et al.,
2005), SiO2–OAlCl2 (Li et al., 2007a,b), Lewis acids (Wang
et al., 2005a,b; Yi and Cai, 2006; Wang et al., 2010), proline
(List, 2009; List et al., 2002; Hayashi et al., 2003; Duthaler,
2003), etc. However, most of these methods suffer from draw-
backs such as the use of corrosive reagent, expensive and large
amount of catalyst, long reaction time, harmful reaction media
(ﬂuorinated solvent), and low yields. Furthermore, ortho-
substituted aromatic amines generally gave trace or even no
products because of large steric hindrance effect.
Bismuth compounds have recently attracted much atten-
tion due to low toxicity, low cost, and good stability. Bis-
muth has an electron conﬁguration of [Xe]4f145d106s26p3,
and due to weak shielding of the 4f electrons, bismuth com-
pounds exhibit Lewis acidity. Among all, bismuth(III) salts
have been widely used and were reported as effective catalysts
for an array of synthetic transformations: opening of epox-
ides (Ogawa et al., 2005; Ollevier and Lavie-Compin, 2002,
2004), formation and deprotection of acetals (Leonard
et al., 2002; Carrigan et al., 2002), Friedel–Crafts reactions
(Le Roux and Dubac, 2002; Desmurs et al., 1997; Re´pichet
et al., 1998), Fries and Claisen rearrangements (Ollevier
et al., 2004; Ollevier and Mwene-Mbeja, 2006), and Sakurai
reactions (Komatsu et al., 1997; Wieland et al., 2002; Ollevier
and Ba, 2003; Sreekanth et al., 2004; Choudary et al., 2002).
During the course of our studies toward the development of
green catalytic processes to synthesis of b-amino carbonyl
compounds, we found bismuth nitrate (Bi(NO3)3) as an inex-
pensive and commercially available catalyst. It can efﬁciently
catalyze through one-pot condensation of aromatic ketones,
aromatic aldehydes and aromatic amines in short reaction
time (Scheme 1). After the reaction, bismuth nitrate could
be easily recovered by simple phase separation and could
be reused many times without loss of its catalytic activity.
Application of such catalysts will lead to minimal pollution
and waste material. To the best of our knowledge, direct
Mannich-type reaction catalyzed by Bi(NO3)3 has not been
reported.O CHO NH2
R1 R2 R3
+
 +
EtO
BN,
1                                     2                   3              
Scheme 1 One-pot Mannich reaction of aromatic ketones, arom
temperature.2. Experimental
2.1. Apparatus and analysis
All reactions were performed at room temperature. High speed
stirring was carried out with magnetic force. All chemicals
were purchased from Aldrich Chemical Co. and solvents were
used without further puriﬁcation. Analytical thin-layer chro-
matography was performed with E. Merck silica gel 60F glass
plates. Visualization of the developed chromatogram was per-
formed by UV light (254 nm). Column chromatography was
performed on silica gel 90, 200–300 mesh. Melting points were
determined with Shimadzu DS-50 thermal analyser. 1H NMR
spectra were recorded on Bruker AM 300 (300 MHz) in CDCl3
using TMS as internal standard. 13C NMR spectra were re-
corded on Bruker (125 MHz) in CDCl3 using TMS as internal
standard. FT-IR spectra were obtained as KBr discs on
Shimadzu spectrometer. Mass spectra were determined on a
varion – saturn 2000 GC/MC instrument. Elemental analysis
was measured by means of Perkin Elmer 2400 CHN elemental
analyzer ﬂowchart.
3. Chemistry
3.1. General procedure
Amixture of aromatic ketone 1 (11 mmol), aromatic aldehydes
2 (10 mmol), aromatic amine 3 (10 mmol) and bismuth nitrate
(10 mol%) was stirred in EtOH (10 ml) at room temperature.
When the reaction was completed as indicated by TLC, the
reaction-mixture was placed at ambient temperature to evapo-
rate EtOH and H2O. Then 60 ml of hot CH2Cl2 was added to
dissolve the solid product. The catalyst was removed by hot ﬁl-
tration and dried for its next use. The organic layer was
washed twice with saturated NaHCO3 solution (10 ml), dried
(Na2SO4), and evaporated to yield the crude product. The
crude product was puriﬁed via recrystallisation from ethanol
or ethanol/acetone (v/v = 3:2) to give the corresponding
compounds 4a–4p. The products were identiﬁed by IR, 1H
NMR, 13C NMR, MS and elemental analysis.
4. Results and discussion
As part of our continuing effort toward the development of
one-pot multi-component reaction in organic synthesisR1
HNO
R3
R2
H,  r.t.
10 mol%
                                                   4a - 4p
atic aldehydes and aromatic amines catalyzed by BN at room
Table 2 The direct Mannich reaction catalyzed by 10 mol%
BN in different solvents: effect of solvent.a
Entry Solvent Time (h) Yield (%)b
1 C2H5OH 4 89
2 CH3CN 12 Trace
3 DMF 12 56
5 CH2Cl2 12 0
6 THF 16 30
Reaction conditions: acetophenone (11 mmol); benzaldehyde
(10 mmol); aniline (10 mmol).
a All reactions were carried out at room temperature.
b Isolated yields.
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b-aminocarbonyl compounds through the Mannich-type reac-
tion of aromatic aldehyde, aromatic ketone and aniline in the
presence of a reusable bismuth nitrate catalyst at room temper-
ature has been studied and we wish to highlight our ﬁnding
about the Bi(NO3)3 catalyzed three-component Mannich-type
reaction using ethanol as a solvent at ambient temperature.
4.1. Effect of catalysis
Initially, we screened different common Lewis acids for their
ability to catalyze the three-component Mannich reaction.
For this purpose, acetophenone, benzaldehyde and aniline were
selected as models and the results are summarized in Table 1.
No reaction was observed in the absence of BN (Table 1, entry
1). The Lewis acid Al2(SO4)3Æ18H2O did not furnish the desired
products (Table 1, entry 2). AlPO4, SnCl2Æ2H2O, CaCl2 and
Al(NO3)3Æ9H2O afforded the desired product but only in
moderate to good yields in high reaction time (Table 1, entries
3–6). In contrast, BN could efﬁciently catalyze Mannich reac-
tion to afford the desired products in high yield (Table 1, entries
7–11). Thus, in view of excellent catalytic capacity, easy avail-
ability, inexpensive cost, outstanding stability and ready recov-
ery, BN was proved the best catalyst for such direct Mannich
reaction. Next, the amount of BN catalyst was examined: it
seemed that 10 mol% BN was sufﬁcient to drive the reaction
completely in 89% yield with high speed stirring.We found that
using less BN led to lower yield even with reaction time
extended. While using more BN failed to produce an obvious
increase in yield but shortened the reaction time. Hence, the
optimal amount of catalyst was chosen 10 mol% (Table 1,
entry 11) in the reactions outlined in Scheme 1.
4.2. Effect of solvent
The solvents also played an important role in the Mannich
reaction catalyzed by BN. Further studies established that
absolute EtOH was the best choice among the solvents (EtOH,
DMF, CH3CN, CH2Cl2, and THF) screened (Table 2). The
reaction failed to yield any products in CH2Cl2 and very poor
yields in CH3CN and THF. Furthermore, Mannich reaction
was very sensitive to reaction temperature. The high tempera-Table 1 The direct Mannich reaction: effect of catalysis.a
Entry Catalyst Amount of cata
1 None –
2 Al2(SO4)3Æ18H2O 10
3 AlPO4 10
4 SnCl2Æ2H2O 10
5 CaCl2 10
6 Al(NO)3Æ9H2O 5
7 BiNO3 10
8 BiNO3 3
9 BiNO3 5
10 BiNO3 15
11 BiNO3 10
Reaction conditions: acetophenone (11 mmol); benzaldehyde (10 mmol); a
a All reactions were carried out in ethanol at room temperature.
b Isolated yields.
c Catalyst was reused four times.ture could improve the reaction rate and shorten the reaction
time, but favor side reactions and the oxygenolysis of aldehyde
and amine. It was found that the room temperature was an
appropriate condition for Mannich reaction catalyzed using
BN.
4.3. Synthesis of various b-aminocarbonyl compounds
To explore the scope and generality of the present method,
different substituted compounds of acetophenone, aromatic
aldehydes and aromatic amines were tested for the Mannich
reactions in absolute ethanol under high speed stirring at
room temperature as shown in Table 3. The three-component
Mannich reactions proceeded smoothly in reaction time men-
tioned in Table 3 in the presence of 10 mol% of BN under
high speed stirring to give the corresponding products in high
yield (Table 3, entries 1–16). Various acetophenones with
para-NO2 and Cl, aromatic aldehydes bearing different sub-
stitutes, such as para-Me, Cl and NO2 and meta-NO2 were
all suitable to the reactions. Aromatic amines bearing para-
OMe, Me, F, Cl, COOH and meta-COOH, Cl were favorable
to the reactions (4a–4p).
However, it was reported (Zeng et al., 2009; Li et al.,
2007a,b) that under conventional high speed stirring condi-
tions the ortho-substituted aromatic amines generally gave
very low yield, even trace of the products because of large ste-
ric hindered effect (Scheme 2). That is to say, steric factors
played a key role in affecting the rate of reaction and the reac-lyst (mol%) Time (h) Yield (%)b
16 0
20 0
16 70
16 75
8 80
6 76
4 89
4 82
4 85
4 90
4 89, 90, 91, 89c
niline (10 mmol).
Table 3 The direct Mannich reaction of various aromatic ketones, aromatic aldehydes and aromatic amines.a
Entry R1 R2 R3 Product Time (h) Yieldb(%) M. Pt. (C)
1 H H H 4a 4 89 166–168
2 H H 4-F 4b 3 88 149–151
3 H H 3-Cl 4c 3 87 134–136
4 H H 4-Cl 4d 3 89 170–172
5 H H 4-CH3 4e 5 78 168–170
6 H H 4-OCH3 4f 8 74 124–126
7 H H 3-COOH 4g 12 76 159–161
8 H H 4-COOH 4h 12 86 192–194
9 H 4-NO2 H 4i 10 90 088–090
10 H 4-NO2 4-Cl 4j 12 90 130–132
11 H 4-Cl 3-Cl 4k 5 92 125–127
12 H 4-CH3 H 4l 6 85 144–146
13 4-Cl H H 4m 10 80 118–120
14 4-Cl 3-NO2 H 4n 10 86 146–148
15 4-OCH3 H H 4o 12 84 136–138
16 4-OCH3 H 4-Cl 4p 8 85 172–174
Reaction conditions: aromatic ketone (11 mmol); aromatic aldehyde (10 mmol); aromatic amine (10 mmol).
a All reactions were carried out in ethanol at room temperature.
b Isolated yields.
O CHO NH2
R1 R2 R1
HNO
R2
+
 +
EtOH,  r.t.
BN,10 mol%
R3
R3
1 2 4q - 4v
R1  =  R2  =  H
R3  =  F, Cl, Br, NO2, CH3, OCH3
3
Scheme 2 One-pot Mannich reaction of aromatic ketones, aromatic aldehydes and ortho-substituted aromatic amines catalyzed by BN
at room temperature.
382 S.S. Mansoor et al.tion requires a longer time. Only few compounds are reported
for one-pot approach to direct Mannich reactions of alde-
hydes, ketones and ortho-substituted aromatic amines. We car-
ried out a study of direct Mannich reactions of sterically
hindered o-substituted aromatic amines under conventional
high speed stirring conditions (Table 4). The reactions were
observed with arylamines both containing electron-deﬁcient
and electron-donating bulky groups like Cl, F, Br, NO2 and
Me, OMe (Table 4, entries 1–6) catalyzed by BN under con-
ventional high speed stirring conditions. It showed that longer
reaction time and excess of catalysts were required to achieve
better transformation (4q–4v).
In case of o-ﬂuoroaniline reaction, the reaction time was
less compared to other ortho substituted anilines (Table 4, en-
try 2). The reaction was compared with o-chloroaniline, o-bro-
moaniline, o-nitroaniline, o-anisidine, o-methylaniline (Table
4, entries 1 and 3–6). It should be mentioned that as minor
atomic radius of ﬂuorine atom, o-ﬂuoroaniline displayed no
above-mentioned steric hindered effect and reacted faster than
any other ortho-substituted aromatic amines.4.4. Spectral data for the synthesized b-aminocarbonyl
compounds (4a–4v)
4.4.1. 3-(Phenylamino)-1,3-diphenylpropan-1-one (4a)
IR (KBr, cm1): 3376, 1680, 1595, 1515, 1320, 857, 783; 1H
NMR (d ppm): 6.48–7.90 (m, 15H, ArH), 5.83 (d,
J= 7.8 Hz, 1H, NCH), 5.12 (s, 1H, NH), 3.39 (dd, J= 4.20
and 7.15 Hz, 2H, COCH2).
13C NMR (d ppm): 46.5, 55.5,
115.1, 115.4, 116.2, 125.4, 126.5, 127.2, 128.7, 128.9, 133.5,
136.5, 142.5, 143.4, 198.6. MS (ESI): m/z 302 (M+H)+. Anal.
Calcd for C21H19NO: C, 83.72; H, 6.31; N, 4.65. Found: C,
83.70; H, 6.35; N, 4.60%.
4.4.2. 3-[(4-Fluorophenyl)amino]-1,3-diphenylpropan-1-one
(4b)
IR (KBr, cm1): 3380, 1698, 1590, 1514, 1220, 730, 684; 1H
NMR (d ppm): 6.48–7.90 (m, 14H, ArH), 5.70 (d,
J= 7.8 Hz, 1H, NCH), 5.14 (s, 1H, NH), 3.42 (dd, J= 4.24
and 7.19 Hz, 2H, COCH2).
13C NMR (d ppm): 46.3, 55.3,
115.7, 115.8, 116.2, 125.2, 126.3, 127.4, 128.6, 128.8, 133.5,
Table 4 The direct Mannich reaction of acetophenone, benzaldehyde and ortho-substituted aromatic amines.a
Entry R1 R2 R3 Productb Time (h) Yieldc (%) M. Pt. (C)
1 H H 2-Cl 4q 36 68 116–118
2 H H 2-F 4r 12 88 162–164
3 H H 2-Br 4s 44 30 086–088
4 H H 2-NO3 4t 36 66 118–120
5 H H 2-CH3 4u 40 46 100–102
6 H H 2-OCH3 4v 36 40 104–106
Reaction conditions: acetophenone (11 mmol); benzaldehyde (10 mmol); ortho-substituted aromatic amine (10 mmol).
a All reactions were carried out in ethanol at room temperature.
b 20 mol% Bismuth nitrate.
c Isolated yields.
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Calcd for C21H18FNO: C, 78.99; H, 5.64; N, 4.39. Found: C,
C, 78.90; H, 5.65; N, 4.40%.
4.4.3. 3-[(3-Chlorophenyl)amino]-1,3-diphenylpropan-1-one
(4c)
IR (KBr, cm1): 3368, 1688, 1588, 1530, 1318, 830, 710; 1H
NMR (d ppm): 6.30–7.88 (m, 14H, ArH), 5.66 (d,
J= 7.8 Hz, 1H, NCH), 5.20 (s, 1H, NH), 3.39 (dd, J= 4.28
and 7.14 Hz, 2H, COCH2).
13C NMR (d ppm): 21.8, 46.7,
54.3, 113.5, 114.6, 114.7, 117.1, 117.4, 124.6, 126.6, 128.6,
128.9, 129.3, 133.8, 135.3, 135.5, 136.3, 137.3, 139.3, 150.5,
152.4, 197.3. MS (ESI): m/z 336 (M+H)+. Anal. Calcd for
C21H18ClNO: C, 75.12; H, 5.36; N, 4.17. Found: C, 75.06;
H, 5.32; N, 4.18%.
4.4.4. 3-[(4-Chlorophenyl)amino]-1,3-diphenylpropan-1-one
(4d)
IR (KBr, cm1): 3406, 1677, 1598, 1515, 1380, 730, 689; 1H
NMR (d ppm): 6.45–8.28 (m, 14H, ArH), 6.16 (d,
J= 7.8 Hz, 1H, NCH), 5.10 (s, 1H, NH), 3.37 (dd, J= 4.22
and 7.14 Hz, 2H, COCH2).
13C NMR (d ppm): 46.1, 54.6,
113.5, 114.9, 115.2, 116.9, 117.4, 124.6, 126.9, 128.4, 128.8,
129.5, 133.4, 135.0, 135.5, 136.3, 137.3, 139.3, 149.9, 152.2,
196.9. MS (ESI): m/z 336 (M+H)+. Anal. Calcd for
C21H18ClNO: C, 75.12; H, 5.36; N, 4.17. Found: C, 75.10;
H, 5.39; N, 4.22%.
4.4.5. 3-[(4-Methylphenyl)amino]-1,3-diphenylpropan-1-one
(4e)
IR (KBr, cm1): 3370, 1680, 1585, 1519, 1296, 730, 679; 1H
NMR (d ppm): 2.32 (d, J= 3.5 Hz, 3H, CH3), 6.22–7.88 (m,
14H, ArH), 5.33 (d, J= 7.8 Hz, 1H, NCH), 4.90 (s, 1H,
NH), 3.42 (dd, J= 4.21 and 7.15 Hz, 2H, COCH2).
13C
NMR (d ppm): 46.0, 55.2, 110.9, 116.9, 123.4, 125.8, 126.4,
127.6, 128.1, 128.7, 128.9, 131.4, 133.2, 136.4, 143.6, 143.9,
196.9. MS (ESI): m/z 316 (M+H)+. Anal. Calcd for
C22H21NO: C, 83.80; H, 6.66; N, 4.44. Found: C, 83.83; H,
6.69; N, 4.48%.
4.4.6. 3-[(4-Methoxyphenyl)amino]-1,3-diphenylpropan-1-one
(4f)
IR (KBr, cm1): 3376, 1683, 1576, 1515, 1299, 729, 670; 1H
NMR (d ppm): 3.86 (s, 3H, OCH3), 6.42–8.02 (m, 14H,
ArH), 5.69 (d, J= 7.8 Hz, 1H, NCH), 5.09 (s, 1H, NH),3.36 (dd, J= 4.26 and 7.25 Hz, 2H, COCH2).
13C NMR (d
ppm): 46.0, 55.5, 110.3, 111.6, 117.8, 120.8, 125.9, 127.5,
128.2, 128.6, 128.9, 133.3, 136.9, 137.3, 143.6, 147.6,
197.8.MS (ESI): m/z 332 (M+H)+. Anal. Calcd for
C22H21NO2: C, 79.76; H, 6.34; N, 4.22. Found: C, 79.70; H,
6.30; N, 4.18%.
4.4.7. 3-[(3-Carboxylphenyl)amino]-1,3-diphenylpropan-1-one
(4g)
IR (KBr, cm1): 3572, 3383, 1693, 1708, 1592, 1519, 1324, 737,
688; 1H NMR (d ppm): 10.86 (s, 1H, COOH), 6.38–7.99 (m,
14H, ArH), 5.77 (d, J= 7.8 Hz, 1H, NCH), 5.19 (s, 1H,
NH), 3.46 (dd, J= 4.30 and 7.19 Hz, 2H, COCH2).
13C
NMR (d ppm): 45.9, 54.9, 114.8, 115.2, 115.9, 123.9, 125.9,
127.2, 128.5, 128.9, 132.9, 135.2, 143.0, 143.9, 196.2. MS
(ESI): m/z 346 (M+H)+. Anal. Calcd for C22H19NO3: C,
76.30; H, 5.49; N, 4.05. Found: C, 76.33; H, 5.44; N, 4.03.
4.4.8. 3-[(4-Carboxylphenyl)amino]-1,3-diphenylpropan-1-one
(4h)
IR (KBr, cm1): 3565, 3393, 1700, 1688, 1579, 1508, 1329, 730,
688; 1H NMR (d ppm): 10.58 (s, 1H, COOH), 6.44–8.11 (m,
14H, ArH), 5.87 (d, J= 7.8 Hz, 1H, NCH), 5.04 (s, 1H,
NH), 3.32 (dd, J= 4.18 and 7.19 Hz, 2H, COCH2).
13C
NMR (d ppm): 46.1, 55.2, 115.4, 115.8, 116.8, 124.7, 126.5,
127.2, 127.9, 128.6, 133.5, 136.5, 141.9, 143.0, 196.4. MS
(ESI): m/z 346 (M+H)+. Anal. Calcd for C22H19NO3: C,
76.52; H, 5.50; N, 4.05. Found: C, 76.55; H, 5.44; N, 4.00.
4.4.9. 3-(Phenylamino)-1-phenyl-3-(4-nitrophenyl)-propan-1-
one (4i)
IR (KBr, cm1): 3396, 1670, 1578, 1510, 1300, 730, 681; 1H
NMR (d ppm): 6.50–8.28 (m, 14H, ArH), 6.19 (d,
J= 7.8 Hz, 1H, NCH), 5.11 (s, 1H, NH), 3.44 (dd, J= 4.25
and 7.15 Hz, 2H, COCH2).
13C NMR (d ppm): 46.1, 54.4,
114.8, 115.7, 125.8, 126.8, 127.8, 128.6, 128.9, 129.7, 133.0,
133.5, 136.1, 136.6, 141.8, 144.8, 197.9. MS (ESI): m/z 347
(M+H)+. Anal. Calcd for C21H18N2O3: C, 72.83; H, 5.20;
N, 8.09. Found: C, 72.80; H, 5.22; N, 8.06%.
4.4.10. 3-[(4-Chlorophenyl)amino]-1-phenyl-3-(4-
nitrophenyl)-propan-1-one (4j)
IR (KBr, cm1): 3396, 1670, 1578, 1510, 1300, 730, 681; 1H
NMR (d ppm): 6.50–8.28 (m, 13H, ArH), 6.19 (d,
J= 7.8 Hz, 1H, NCH), 5.11 (s, 1H, NH), 3.37 (dd, J= 4.28
384 S.S. Mansoor et al.and 7.22 Hz, 2H, COCH2).
13C NMR (d ppm): 46.5, 53.7,
114.3, 115.7, 126.3, 126.8, 127.6, 128.2, 128.6, 129.5, 131.9,
133.2, 136.0, 136.3, 142.3, 144.5, 196.7. MS (ESI): m/z 381
(M+H)+. Anal. Calcd for C21H17ClN2O3: C, 66.23; H, 4.47;
N, 7.36. Found: C, 66.20; H, 4.44; N, 7.32%.
4.4.11. 3-[(3-Chlorophenyl)amino]-1-phenyl-3-(3-
chlorophenyl)-propan-1-one (4k)
IR (KBr, cm1): 3388, 1678, 1572, 1516, 1305, 737, 692; 1H
NMR (d ppm): 6.44–8.04 (m, 13H, ArH), 6.11 (d,
J= 7.8 Hz, 1H, NCH), 5.17 (s, 1H, NH), 3.40 (dd, J= 4.22
and 7.19 Hz, 2H, COCH2).
13C NMR (d ppm): 46.1, 54.5,
112.5, 117.5, 118.9, 125.5, 126.9, 127.5, 127.9, 128.3, 128.8,
129.2, 133.6, 136.3, 140.9, 142.9, 196.2. MS (ESI): m/z 371
(M+H)+. Anal. Calcd for C21H17Cl2NO: C, 68.12; H, 4.59;
N, 3.78. Found: C, 68.16; H, 4.63; N, 3.75%.
4.4.12. 3-(Phenylamino)-1-phenyl-3-(4-methylphenyl)-propan-
1-one (4l)
IR (KBr, cm1): 3360, 1689, 1599, 1529, 1299, 727, 677; 1H
NMR (d ppm): 2.22 (d, 3H, CH3), 6.33–8.02 (m, 14H, ArH),
5.66 (d, J= 7.8 Hz, 1H, NCH), 5.09 (s, 1H, NH), 3.38 (dd,
J= 4.22 and 7.25 Hz, 2H, COCH2).
13C NMR (d ppm):
20.2, 46.3, 55.1, 111.1, 117.2, 121.9, 125.8, 126.5, 127.4,
128.3, 128.6, 128.8, 130.0, 133.3, 136.3, 142.5, 143.2, 196.9.
MS (ESI): m/z 316 (M+H)+. Anal. Calcd for C22H21NO: C,
83.80; H, 6.66; N, 4.44. Found: C, 83.81; H, 6.67; N, 4.40%.
4.4.13. 3-(Phenylamino)-1-(4-chlorophenyl)-3-phenyl-propan-
1-one (4m)
IR (KBr, cm1): 3371, 1681, 1590, 1509, 1296, 739, 694; 1H
NMR (d ppm): 6.39–8.11 (m, 14H, ArH), 5.80 (d,
J= 7.8 Hz, 1H, NCH), 5.16 (s, 1H, NH), 3.39 (dd, J= 4.28
and 7.30 Hz, 2H, COCH2).
13C NMR (d ppm): 46.7, 54.9,
111.9, 116.8, 118.3, 124.7, 127.4, 127.5, 128.1, 128.6, 128.6,
129.2, 133.6, 136.3, 141.7, 142.9, 198.8. MS (ESI): m/z 336
(M+H)+. Anal. Calcd for C21H18ClNO: C, 75.12; H, 5.36;
N, 4.17. Found: C, 75.06; H, 5.32; N, 4.18%.
4.4.14. 3-(Phenylamino)-1-(4-chlorophenyl)-3-(3-
nitrophenyl)-propan-1-one (4n)
IR (KBr, cm1): 3396, 1670, 1578, 1510, 1300, 730, 681; 1H
NMR (d ppm): 6.50–8.28 (m, 13H, ArH), 6.19 (d,
J= 7.8 Hz, 1H, NCH), 5.11 (s, 1H, NH), 3.30 (dd, J= 4.24
and 7.25 Hz, 2H, COCH2).
13C NMR (d ppm): 46.2, 53.2,
115.1, 115.3, 125.8, 126.3, 127.3, 128.0, 128.8, 129.6, 132.8,
133.6, 136.1, 137.1, 143.3, 144.5, 196.1. MS (ESI): m/z 381
(M+H)+. Anal. Calcd for C21H17ClN2O3: C, 66.24; H, 4.47;
N, 7.36. Found: C, 66.25; H, 4.43; N, 7.36%.
4.4.15. 3-(Phenylamino)-1-(4-methoxyphenyl)-3-phenyl-
propan-1-one (4o)
IR (KBr, cm1): 3369, 1677, 1568, 1510, 1304, 732, 688; 1H
NMR (d ppm): 3.85 (s, 3H, OCH3), 6.40–8.09 (m, 14H,
ArH), 5.77 (d, J= 7.8 Hz, 1H, NCH), 5.11 (s, 1H, NH),
3.42 (dd, J= 4.25 and 7.26 Hz, 2H, COCH2).
13C NMR (d
ppm): 46.3, 54.0, 55.3, 111.7, 112.5, 116.8, 122.0, 126.7,
127.9, 128.6, 128.9, 129.1, 132.5, 136.8, 136.7, 142.6, 147.4,
198.0. MS (ESI): m/z 332 (M+H)+. Anal. Calcd for
C22H21NO2: C, 79.75; H, 6.34; N, 4.22. Found: C, 79.79; H,
6.38; N, 4.21%.4.4.16. 3-[(4-Chlorophenyl)amino]-1-(4-methoxyphenyl)-3-
phenyl-propan-1-one (4p)
IR (KBr, cm1): 3373, 1679, 1577, 1499, 1298, 739, 681; 1H
NMR (d ppm): 3.80 (s, 3H, OCH3), 6.33–7.99 (m, 13H,
ArH), 5.85 (d, J= 7.8 Hz, 1H, NCH), 5.19 (s, 1H, NH),
3.49 (dd, J= 4.23 and 7.19 Hz, 2H, COCH2).
13C NMR (d
ppm): 46.7, 53.9, 55.3, 113.8, 114.1, 114.3, 114.4, 117.6,
117.9, 124.6, 127.5, 128.1, 128.6, 133.8, 134.6, 135.4, 135.6,
136.3, 151.4, 152.3, 158.4, 197.6. MS (ESI): m/z 366
(M+H)+. Anal. Calcd for C22H20ClNO2: C, 72.24; H, 5.47;
N, 3.83. Found: C, 72.28; H, 5.45; N, 3.80. %.
4.4.17. 3-[(2-Chlorophenyl)amino]-1,3-diphenylpropan-1-one
(4q)
IR (KBr, cm1): 3376, 1680, 1595, 1515, 1320, 735, 683; 1H
NMR (d ppm): 6.48–7.90 (m, 14H, ArH), 5.83 (d,
J= 7.8 Hz, 1H, NCH), 5.12 (s, 1H, NH), 3.41 (dd, J= 4.21
and 7.25 Hz, 2H, COCH2).
13C NMR (d ppm): 46.2, 54.4,
112.2, 117.3, 119.4, 125.9, 127.4, 127.5, 128.1, 128.6, 128.8,
129.2, 133.6, 136.3, 142.6, 142.9, 197.2. MS (ESI): m/z 336
(M+H)+. Anal. Calcd for C21H18ClNO: C, 75.12; H, 5.36;
N, 4.17. Found: C, 75.06; H, 5.32; N, 4.18%.
4.4.18. 3-[(2-Fluorophenyl)amino]-1,3-diphenylpropan-1-one
(4r)
IR (KBr, cm1): 3386, 1692, 1593, 1518, 1328, 732, 688; 1H
NMR (d ppm): 6.44–7.96 (m, 14H, ArH), 5.80 (d,
J= 7.8 Hz, 1H, NCH), 5.08 (s, 1H, NH), 3.46 (dd, J= 4.23
and 7.25 Hz, 2H, COCH2).
13C NMR (d ppm): 46.4, 54.5,
114.3, 114.4, 114.5, 117.9, 124.4, 126.5, 127.6, 128.2, 128.4,
128.6, 128.7, 128.9, 133.8, 136.9, 142.2, 197.9. MS (ESI): m/z
320 (M+H)+. Anal. Calcd for C21H18FNO: C, 78.99; H,
5.64; N, 4.38. Found: C, C, 78.96; H, 5.60; N, 4.42%.
4.4.19. 3-[(2-Bromophenyl)amino]-1,3-diphenylpropan-1-one
(4s)
IR (KBr, cm1): 3372, 1690, 1592, 1522, 1326, 730, 689; 1H
NMR (d ppm): 6.44–7.98 (m, 14H, ArH), 5.72 (d,
J= 7.8 Hz, 1H, NCH), 5.22 (s, 1H, NH), 3.43 (dd, J= 4.28
and 7.29 Hz, 2H, COCH2).
13C NMR (d ppm): 46.2, 54.7,
110.7, 112.6, 118.6, 126.4, 127.7, 128.4, 128.6, 128.8, 128.9,
129.1, 132.4, 133.4, 136.8, 142.3, 143.7, 197.7. MS (ESI): m/z
381 (M+H)+. Anal. Calcd for C21H18BrNO: C, 66.33; H,
4.73; N, 3.68. Found: C, 66.32; H, 4.70; N, 3.66%.
4.4.20. 3-[(2-Nitrophenyl)amino]-1,3-diphenylpropan-1-one
(4t)
IR (KBr, cm1): 3406, 1677, 1598, 1515, 1380, 730, 689; 1H
NMR (d ppm): 6.55–8.20 (m, 14H, ArH), 6.13 (d,
J= 7.8 Hz, 1H, NCH), 5.18 (s, 1H, NH), 3.45 (dd, J= 4.22
and 7.25 Hz, 2H, COCH2).
13C NMR (d ppm): 46.7, 53.5,
115.3, 115.7, 126.2, 126.8, 127.8, 128.2, 128.8, 129.1, 132.5,
133.5, 136.1, 136.6, 141.6, 144.3, 196.9. MS (ESI): m/z 347
(M+H)+. Anal. Calcd for C21H18N2O3: C, 72.83; H, 5.20;
N, 8.09. Found: C, 72.86; H, 5.18; N, 8.08%.
4.4.21. 3-[(2-Methylphenyl)amino]-1,3-diphenylpropan-1-one
(4u)
IR (KBr, cm1): 3382, 1660, 1599, 1510, 1310, 732, 677; 1H
NMR (d ppm): 2.26 (d, J= 3.5 Hz, 3H, CH3), 6.40–7.96 (m,
14H, ArH), 5.43 (d, J= 7.8 Hz, 1H, NCH), 4.98 (s, 1H, NH),
An efﬁcient synthesis of b-amino ketone compounds through one-pot three-component Mannich-type reactions using 3853.46 (dd, J= 4.28 and 7.25 Hz, 2H, COCH2).
13C NMR (d
ppm): 17.9, 46.8, 55.4, 111.6, 117.6, 122.8, 126.5, 126.7, 127.6,
128.3, 128.7, 128.9, 130.4, 133.6, 136.7, 143.4, 144.4, 198.2.
MS (ESI): m/z 316 (M+H)+. Anal. Calcd for C22H21NO: C,
83.80; H, 6.66; N, 4.44. Found: C, 83.76; H, 6.68; N, 4.40%.
4.4.22. 3-[(2-Methoxyphenyl)amino]-1,3-diphenylpropan-1-
one (4v)
IR (KBr, cm1): 3366, 1682, 1596, 1525, 1290, 725, 673; 1H
NMR (d ppm): 3.86 (s, 3H, OCH3), 6.48–8.22 (m, 14H,
ArH), 5.63 (d, J= 7.8 Hz, 1H, NCH), 5.00 (s, 1H, NH), 3.40
(dd, J= 4.27 and 7.12 Hz, 2H, COCH2).
13C NMR (d ppm):
46.5, 54.3, 55.8, 109.7, 111.3, 117.2, 121.3, 126.3, 127.5, 128.2,
128.6, 128.7, 133.3, 136.8, 136.7, 143.6, 147.1, 197.4. MS
(ESI): m/z 332 (M+H)+. Anal. Calcd for C22H21NO2: C,
79.75; H, 6.34; N, 4.22. Found: C, 79.70; H, 6.30; N, 4.18%.
4.5. Mechanism of Mannich reaction
The Mannich reaction is the aminoalkylation reaction, involv-
ing the condensation of an enolizable carbonyl compound (a-
CH acidic compound) with a nonenolizable aldehyde and
amine to furnish a b-aminocarbonyl compound, also known
as Mannich base. It involves two steps: Initially an iminium
ion is formed due to nucleophilic addition of amine to aldehyde
and subsequent loss of water molecule. In the second step the
enolizable carbonyl compound is converted to enol form, which
attacks the iminium ion at positively charged carbon adjacent
to nitrogen to ﬁnally give a b-aminocarbonyl compound.
5. Conclusions
In summary, we have developed an environmentally friendly,
high yield and mild condition protocol for the three-compo-
nent Mannich-type reactions, which is a rapid and convenient
procedure for the synthesis of b-aminocarbonyl compounds
via direct three-component Mannich reaction catalyzed by
BN under high speed stirring. This method offers several
advantages, compared to those reported in the literature, i.e.,
(a) mild, highly efﬁcient catalyst activity, (b) ease of handling
and cost efﬁciency of the catalyst, (c) avoidance of the trouble-
some preparation of enol derivatives and pre-formed imines,
(d) wide substrate scope and generality especially for ortho-
substituted aromatic amine, and (e) effective reusability of
catalyst, making it a useful and attractive strategy for the
synthesis of b-aminocarbonyl compounds.Acknowledgements
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